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COORDINATES CORRECTION APPARATUS, COORDINATES 
CORRECTION PARAMETER CALCULATION APPARATUS, 
COORDINATES CORRECTION METHOD, COORDINATES 
CORRECTION PARAMETER CALCULATION METHOD, 
5 MEMORY MEDIUM FOR STORING COORDINATES 

CORRECTION CONTROL PROGRAM, AND MEMORY 
MEDIUM FOR STORING COORDINATES 
CORRECTION PARAMETER CALCULATION PROGRAM 

^ 10 BACKGROUND OF THE INVENTION 

Field of -the Invention 

The present invention relates to a coordinates 
vH correction apparatus including a coordinates input area 

£: for correcting the received coordinates of a location 

fU 15 optionally indicated on the coordinates input area, a 

coordinates correction method, and a memory medium that 
can be read by a computer storing a control program for 
the coordinates correction process . 

The present invention also relates to a 
20 coordinates correction parameter calculation apparatus 
for calculating coordinates correction parameters for 
correcting the coordinates of a location optionally 
indicated on the coordinates input area, a coordinates 
correction parameter calculation method, and a memory 
25 medium that can be read by a computer storing a program 
for performing coordinates correction parameter 
calculation . 



Related Background Art 

Conventionally, for correction of input 
coordinates in coordinates input apparatuses, a method 
has been employed in which coordinates correction 
5 parameters are calculated by solving simultaneous 

equations expressed by linear conversion from the raw 
coordinate values obtained from several locations used 
as reference points on the coordinates input area of 
the coordinates input apparatus, substituting the input 

10 coordinates into the linear conversion formulas, as 

shown in Japanese Patent Application Laid-Open Nos. 5- 
313822 and 8-171451 and Japanese Patent No. 2,517,664. 

Such a correction parameter calculation method is 
described below. First, two reference points (X^, Yq ) 

15 and (X^, ) are set on the coordinates input area of 
the coordinates input apparatus and the position of 
those reference points are indicated with a mark. 
These indicators are displayed on a display apparatus 
such as a liquid crystal display installed under a 

20 transparent coordinates input area, for example. Next, 
raw coordinates data for two points are input from a 
coordinates input apparatus when the user points to the 
position at which the user sees the marks by eye (for 
example using an indication tool for coordinates input 

25 in the form of a pen). The input raw coordinates data 
(^nw^ Ynw) (^se/ Yse ) will form the following 

relationship with the original coordinates of the two 



standard points. 
[Equation 1] 

Yo = cy,„ + d 

Yi = cy,, + d 

(a, b, c, and d are constants) 



Correction parameters a, b, c, and d are found from the 
formulas as follows. 
[Equation 2] 



^se ^nw 



y se y^nw 

Calculating the parameters as above and using them for 
correction of the input coordinates is effective when 
the coordinates detection characteristic of the 
coordinates input apparatus is parallel to the X-axis 
and the Y-axis. However, in general there is often in 
incline with respect to the axis. Thus, a correction 
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method was also conceived of using three reference 
points (Xq, Yq), (X^, Y^) and (X2, Y2 ) where the 
relationship between the raw coordinates data is as 
follows : 
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The correction parameters a, b, c, d, e, and f are 
found from the following formulas. 
15 [Equation 4] 

iX^-X^) (y,e-ynJ -(^l-^o) (yns-VnJ 



a = - 



(X^-Xq) (Xgg-Xj^J) - {X^-Xq) {k^^-x^J) 



c^X^-ax^^-hy^^ 

(r^-rj (y^e-y^J -(^r-.-yp) (y^^-y^J 
(y^-Yp) (x^^-x„j -(y.-yp) 

^=yo-c^x^,.-ey„w 




When these coordinates correction parameters are 
established, the input coordinates are corrected based 
on the formulas below, and output to, for example, a 
liquid crystal display serving as a coordinates output 
5 means - 

After finding the correction parameters, when the 
coordinates are actually input, the correction formulas 
are expressed as: 

X = ax + b 
10 Y = cx + d 

using the correction parameters a, b, c, and d when 
there are two reference points in the correction method 
using two reference points. When using the correction 
method having three reference points, the formulas are 
15 expressed: 

X = ax + by = C 

Y = dx + ey + f 
using correction parameters a, b, c, d, e, and f . 

Further, in Japanese Patent Application Laid-Open 
20 No, 8-171451, in order to compensate for the nonlinear 
characteristic of the coordinates input apparatus, an 
embodiment is disclosed in which the territory is 
finely divided by 20 reference points and the 
correction parameters are sought for each territory 
25 through the method of seeking the correction parameters 
with three reference points. 




- 6 - 



SUMMARY OF THE INVENTION 

There is a so-called resistance membrane type 
coordinates input apparatus in which the coordinates 
input area comprises a resistance membrane and the 
5 input coordinates of a position indicated on the 

coordinates input area are detected by the voltage 
responding to the resistance of the resistance 
membrane. In these types of coordinates input 
apparatuses, the resistance member within the 

10 resistance membranes on the market are sometimes not 
vaporized uniformly and linearity between the input 
coordinates and the voltage detected from the 
resistance membrane may not be found. 

In an apparatus comprising a coordinates input 

15 part using such a resistance membrane, the electrical 
detection characteristic of the input coordinates 
becomes nonlinear, and discrepancies in the input 
coordinates particularly at the outer periphery of the 
coordinates input area become striking. 

20 Given the parts of such a coordinates input part, 

the coordinates correction method using two or three 
reference points for the above conventional coordinates 
input apparatuses cannot be applied, and only a method 
such as in Japanese Patent Application Laid-open No. 8- 

25 171451 can be performed. However, with this method, 
one must either set many reference points or it is 
necessary to keep many correction parameters or an 
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operation for determining territories is necessary. 
These problems can of course be mentioned in relation 
to correction of input coordinates in other types of 
coordinates input apparatuses other than resistance 
5 membrane types as well. 

Thus, the aim of the present invention is to be 
able to perform coordinates input with high precision 
even when the electrical characteristic relating to 
coordinates detection of the coordinates input part is 
10 not linear by performing correction of input 
==5 coordinates accurately in response to such 

in 

nonlinearity . 

fn The present invention is a coordinates correction 

apparatus including a parameter keeping means for 
l^ii 15 keeping quadratic nonlinear conversion constants as 

;5 coordinates correction parameters, a coordinates 

■'f correction method, and a memory medium storing a 

coordinates correction control program which receives 
coordinates of locations optionally indicated on a 
20 coordinates input area and corrects the received 

coordinates by a coordinate reception step by quadratic 
nonlinear conversion using the coordinates correction 
parameters kept in the parameter keeping means. 
Preferably, the present invention further 
25 comprises a parameter calculation step for calculating 
the coordinates correction parameters for nonlinear 
conversion and keeping the coordinates correction 




parameters by trhe parameter keeping means. 

The present invention is further a coordinates 
correction parameter calculation apparatus including a 
coordinates input area for calculating the coordinates 
5 correction parameters for correcting the coordinates of 
locations optionally indicated on a coordinates input 
area by nonlinear conversion^ a coordinates correction 
parameter calculation method, and a memory medium 
storing a coordinates correction parameter calculation 

10 program which receives from the coordinates input 
apparatus coordinates of indicated locations 
corresponding to multiple reference points with 
differing locations established on the coordinates 
input area and calculates the nonlinear equation type 

15 coordinates correction parameters for coordinates 

correction by solving the simultaneous equations by 
applying the received coordinates to the nonlinear 
equations for coordinates correction. 

In the embodiments to be described below, in such 

20 a coordinates correction apparatus, a coordinates 

correction method, and a memory medium that can be read 
by a computer storing a control program for coordinates 
correction processing, even if the coordinates 
detection characteristic is not linear due to the 

25 quality of the parts of the coordinates input part of 

the coordinates input apparatus or such, in response to 
this accurate correction of the input coordinates and 
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highly precise coordinatres input can be performed 
because secondary nonlinear conversion constants are 
kept as parameters for correcting the input coordinates 
and the input coordinates are corrected by secondary 
5 nonlinear conversion using these parameters. 

Further, even if the electrical characteristic 
relating to the coordinates detection of the 
coordinates input apparatus is nonlinear, calculation 
of coordinates correction parameters for performing 

10 correction of the input coordinates can be performed 
with high precision simply and with low construction 
costs and the manufacturing costs of the coordinates 
input apparatus for performing correction of the input 
coordinates using coordinates correction parameters 

15 calculated in this way can be reduced. 

Further, coordinates correction parameters in the 
form of nonlinear conversion correction formula 
constants can be calculated based on simple coordinates 
input merely by indicating four reference points 

20 established on the coordinates input area. 

Further, by performing correction of the input 
coordinates with nonlinear conversion correction 
formulas using the calculated coordinates correction 
parameters, even if the electrical characteristic 

25 relating to the coordinates detection of the 

coordinates input part is not linear, accurate 
correction can be performed corresponding to the input 




- 10 - 



from the user and coordinates input can be performed 
with high precision. Further, the manufacturing costs 
of the apparatus can be reduced - 

Other aims and benefits of the present invention 
5 will become clear from the detailed description, 
attached Figures, and the Claims to follow. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing the basic 
10 construction of the fist embodiment of the present 
invention. 

Fig. 2 is a flowchart showing the procedure of the 
coordinates correction process of the first embodiment. 

Fig. 3 is a block diagram showing the construction 
15 of the actual hardware of the first embodiment. 

Fig. 4 is a block diagram showing the basic 
construction of the second embodiment of the present 
invention. 

Fig. 5 is a block diagram showing the construction 
20 of the actual hardware of the second embodiment. 

Fig. 6 is a flowchart showing the procedure of the 
coordinates correction process of the second 
embodiment. 

Fig. 7 is a drawing showing the appearance of the 
25 marks of the reference points displayed on the 

coordinates input screen in the second and third 
embodiments . 
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Fig. 8 is a block diagram showing the basic 
construction of the third embodiment of the present 
invention. 

Fig. 9 is a block diagram showing the construction 
5 of the actual hardware of the third embodiment of the 
present invention . 

Fig. 10 is a flowchart showing the procedure of 
the coordinates correction process of the third 
embodiment . 

10 Fig. 11 is a drawing showing one form of a 

portable information processing apparatus possible as 

an embodiment of the present invention. 

Fig. 12 is a drawing showing that the portable 

information processing apparatus possible as an 
15 embodiment of the present invention can be connected to 

an external device through a network. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Following, several embodiments of the present 
20 invention are described. 

[Embodiment 1] 

Fig. 1 shows the basic construction of the 

coordinates input apparatus according to the first 

embodiment of the present invention. 
25 As shown here, the apparatus of the present 

embodiment includes a coordinates input means 101, a 

parameter keeping means 102, a coordinates correction 
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means 103, and a coordinates output means 104. 

The coordinates input means 101 includes a 
coordinates input area and coordinates of locations 
optionally indicated on the coordinates input area are 
5 detected and input. The parameter keeping means 102 

keeps parameters for correcting the values of the input 
coordinates. Using the parameters kept in the 
parameter keeping means, the coordinates correction 
means 103 corrects the values of the coordinates input 

10 by the coordinates input means 101. The coordinates 
output means 104 outputs the coordinates corrected by 
the coordinates correction means 103. 

Here, as the particular characteristic of the 
present invention, quadratic nonlinear conversion 

15 constants are kept as parameters for correction in the 
parameter keeping means 102 and the coordinates 
correction means 103 corrects the input coordinates by 
performing secondary nonlinear conversion based on 
these constants and outputs to the coordinates output 

20 means 104. 

Next, the actual construction of the hardware of 
the apparatus of the present embodiment is described 
with reference to Fig. 3. 

In Fig. 3, 301 is a coordinates input part which 

25 serves as the coordinates input means 101 of Fig. 1 
constructed, for example, of the resistance membrane 
type described above, comprising (not illustrated) a 




•transparent: resistance membrane which forms the 
coordinates input area, a drive circuit for reading the 
coordinates of a position on the resistance membrane 
indicated by a coordinates input indication tool in pen 
5 form by voltage, and an A/D conversion circuit for A/D 
conversion of the read output into coordinates data. 

The input coordinates data detected in the 
coordinates input part 301 are transferred to the I/O 
controller 302. The I/O controller 302 sends the 

10 coordinates data to a bus 306 and a CPU 303 following 

orders from the CPU 303. 

As well as controlling the entire apparatus, the 
CPU 303 fulfills the roll of the coordinates correction 
means of Fig. 1 and performs correction of the 

15 coordinates. The details of that process will be 

described in detail later. Within the CPU 303, RAM 
304, ROM 305, and VRAM 307 memories are connected via 
the bus 306. 

RAM 304 is used as the work area of the CPU 303. 

20 ROM 305 fulfills the role of the parameter keeping 

means 102 of Fig. 1, with secondary nonlinear 
conversion constants (to be given later) written in 
designated areas in advance as the parameters for 
correcting the input coordinates. There are solid- 

25 state differences to each of the coordinates input 

parts 301 and it is necessary to perform a correction 
on each of the coordinates input parts 301 loaded on 
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each coordinates input apparatus at time of shipment 
from the factory. At that time, the individual 
coordinates correction parameters for each unit are 
decided as a result of the correction and written on 
5 the loaded ROM 305 of the apparatus. 

Further, a control program executed by the CPU 303 
for control is written on the ROM 305. A program for 
performing the aforementioned coordinates correction 
process is included in this control program. The CPU 

10 303 fulfills the role of coordinates correction means 
103 by executing this program . 

The ROM 305 corresponds to the embodiment of the 
memory medium that can be read by the computer for 
storing the control program for coordinates correction 

15 in the present invention. 

The VRAM 307 keeps display data written in from 
the CPU 303 and displays it on a liquid crystal display 
309 controlled by a display controller 308. Input 
coordinates data corrected by the CPU 303 acting as the 

20 coordinates correction means 103 are included in this 
display data. In other words, VRAM 307, the display 
.controller 308, and the liquid crystal display 309 
comprise the coordinates output means 104 of Fig. 1 and 
display and output the corrected input coordinates. 

25 The liquid crystal display 309 is placed 

underneath the coordinates input area constructed from 
a transparent resistance membrane of the coordinates 
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input part 301 . 

Next, the operation of the correction process for 
input coordinates by the CPU 303 functioning as the 
coordinates correction means 103 is described using the 
5 flowchart of Fig. 2. The control program for the 

correction process corresponding to this flowchart is 
stored on ROM 305 and executed by the CPU 303. 

First, coordinates input is performed by the 
coordinates input part 301 in step S201 . The 
10 coordinates obtained here are (x, y). 

Next, the coordinates correction parameters are 
read-in from ROM 305 in step S202 . The parameters 
read-in here are quadratic nonlinear conversion 
constants : 

15 xy constant a for correction of the x coordinate, 
X constant b for correction of the x coordinate, 
y constant c for correction of the x coordinate, 
constant d for correction of the x coordinate, 
xy constant e for correction of the y coordinate, 

20 X constant f for correction of the y coordinate, 

y constant g for correction of the y coordinate, and 
constant h for correction of the y coordinate. 

Next, correction of the input coordinates (x, y) 
is performed in step S203. If the corrected 

25 coordinates here are (X, Y), the correction formula is 
expressed as the quadratic nonlinear conversion 
formulas : 
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X = axy + bx + cy + d 
Y = exy + fx + gy + h 

Finally, the corrected coordinates (X, Y) are sent 
to VRAM 307 and displayed on the liquid crystal display 
5 309 in step S204. 

As above, because in the first embodiment 
correction of the input coordinates is performed by 
secondary nonlinear conversion if the electrical 
characteristic relating to the coordinates detection of 
10 the coordinates input part of the coordinates input 
apparatus is not linear the input coordinates can be 
accurately corrected in response to this and highly 
precise coordinates input can be performed. 

In the first embodiment the control program of the 
15 parameters for correcting the input coordinates and for 
the correction process was stored in ROM 305, but it 
can also be stored in a memory medium that can be read 
by another computer, such as a disk or memory card, and 
can be used by reading-in to RAM 304 from the memory 
20 medium. 

[ Embodiment 2 ] 

In the first embodiment, the coordinates 
correction parameters are mentioned in connection with 
25 the coordinates input apparatus as written on the ROM 
305 in advance , but in the second embodiment a 
coordinates correction parameter calculation apparatus 



for calculating coordinates correction parameters is 
described . 

The basic functional structure of the coordinates 
correction parameter calculation apparatus of the 
5 second embodiment is described in Fig. 4. In Fig. 4 - 

the coordinates correction parameter calculation 
apparatus is composed of means keyed 402 to 408 and the 
calculated coordinates correction parameters are set in 
a coordinates input apparatus 401 . 

10 In the present embodiment, in order to calculate 

the coordinates correction parameters for correcting 
the input coordinates input from the coordinates input 
apparatus 401, a first through a fourth reference point 
with differing locations are displayed on the 

15 coordinates input area of the coordinates input 
apparatus 401 and four coordinates are input by 
indicating these reference points. 

A first through a fourth coordinates keeping means 
403 to 406 are installed corresponding one to one to 

20 the first through the fourth reference points in the 

coordinates correction parameter calculation apparatus. 
Further, an input coordinates discriminating and 
storing means 402 is installed which stores the four 
coordinates input from the coordinates input apparatus 

25 401 by indicating a first through a fourth reference 

point as described above and discriminates the order of 
the reference points and divides them among the 
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corresponding first: through fourth coordinates keeping 
means 403 to 406. Further, a parameter calculation 
means 407 is installed which calculates the coordinates 
correction parameters by solving simultaneous equations 
5 based on the four coordinates stored in the first 

through the fourth coordinates keeping means 403 to 406 
by the input coordinates discriminating and storing 
means 402 and sends them to the parameter output means 
408 . The parameter output means 408 outputs the 

10 parameters to the outside. 

Next, the actual hardware of the coordinates 
correction parameter calculation apparatus is described 
in Fig. 5. In Fig. 5, the coordinates correction 
parameter calculation apparatus is constructed of 

15 elements keyed 502 to 507. 

The coordinates input apparatus 401 is constructed 
of either an aforementioned resistance membrane type or 
another type of input apparatus. The coordinates data 
input from the coordinates input apparatus 401 is 

20 transferred to a CPU 503 via an I/O controller 502 and 
a bus 506. The I/O controller 502 performs data 
transmission for input of the coordinates data or 
output of coordinates correction parameters under the 
control of the CPU 503 . 

25 The I/O controller 502 is connected to RAM 504 and 

ROM 505 via the bus 506 in the CPU 503. 

The CPU 503 fulfills the role of the input 




coordinates discriminating and storing means 402 and 
the parameter calculation means 407 of Fig. 4 as well 
as performing control of the coordinates correction 
parameter calculation apparatus as a whole by executing 
5 the control program stored in ROM 505. In other words, 

a program, to be described later, in which the CPU 503 
executes the input coordinates discrimination and 
storing means 402 and the parameter calculation means 
407 is included in the control program stored on ROM 

10 505. ROM 505 corresponds to an embodiment of the 

memory medium that can be read by a computer storing a 
program for performing coordinates correction parameter 
calculation in the present invention. 

RAM 504 fulfills the role of the first through 

15 fourth coordinates keeping means 403 to 406 of Fig. 4. 

In other words, a first through a fourth coordinates 
keeping area comprising multiple addresses for keeping 
coordinates data corresponding one to one to the first 
through the fourth reference points is established 

20 within RAM 504. 

A ROM writer 507 is connected to the I/O 
controller 502. This ROM writer 507 corresponds to the 
parameter output means 408 of Fig. 4 and writes the 
coordinates correction parameters from the CPU 503 to 

25 be described later onto a ROM (not shown in the 

drawing). This unillustrated ROM is loaded on the 
coordinates input apparatus 401 after the coordinates 
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correction parameters are written in and used for 
coordinates correction . 

Next, the operations of coordinates correction 
parameter calculation of the CPU 503 are described in 
5 the flowchart of Fig. 6. A program of the processing 
procedure corresponding to the flowchart of Fig. 6 is 
stored in ROM 505 and executed by the CPU 503. 

First, four coordinates are input when the 
operator of the apparatus indicates a first through a 

10 fourth reference point with differing locations on the 
coordinates input area of the coordinates input 
apparatus 401 in the first step, S601 . 

In order to do this, as shown in Fig. 7, four 
reference point marks 703 to 706 are displayed in 

15 advance on the coordinates input area 702 of the 

coordinates input apparatus indicating a first through 
a fourth reference point with differing locations and 
these points are indicated (contacted) by a coordinates 
input indication tool in the form of a pen, for 

20 example. The coordinates of the locations of these 

marks 703 to 706, or in other words the coordinates of 
the locations of the first through the fourth reference 
points, become the coordinates used for reference in 
parameter calculation, described below. Therefore, 

25 they should be established with a suitable distance 
between them such that rounding-off errors during 
calculation do not become too large. The coordinates 
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of the locations of the reference point marks 703 to 
706 are given here as (X^, Yq ) , (X^, ) , (X^, ) , and 
(X^, Y^^ ) in order to simplify the calculations. 
The display of these marks 703 to 706 is 
5 temporary. For example, the marks can be displayed if 
the material of the resistance membrane or such that 
comprises the coordinates input area 702 is transparent 
and layered on a display apparatus such as a liquid 
crystal display - 

10 Next, it is determined which of the input 

coordinates before correction (x, y) indicated by the 
above indication corresponds to which of the reference 
points, the first through the fourth, represented by 
the reference point marks 703 to 706 in step S602. The 

15 distance between the input coordinates (x, y) and each 
of the first through the fourth reference point 
coordinates (X^, Y^ ) , (X,, Y^ ) , (X^, Y, ) , and (X,, Y, ) is 
calculated, the distances are compared, and the 
reference point the shortest distance from the 

20 coordinates is the one entered. 

Next, in step S603 the data of the input 
coordinates (x, y) is stored in the area corresponding 
to the reference point it was determined to correspond 
to in step S602, among the first through the fourth 

25 coordinates keeping areas in RAM 504. 

Next, in step S604 it is determined whether or not 
coordinates input has been completed for all four 
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reference point: marks 703 to 706. Then, either steps 
S601 through S604 are repeated by returning to step 
S601 if input is not complete, or it advances to step 
S605 if input is complete. 
5 The input coordinates corresponding to the four 

reference point marks 703 to 706 are given here as (x^^.^, 

Ynw). (^ne. Yne ) . (^sw/ Ysw ) . ( >^se . Yse ) • ^he SUbSCriptS 

of each variable nw, ne, sw, and se stand for, 
respectively, northwest, northeast, southwest, and 
10 southeast. In other words, they express the direction 

of the reference points from the center of the 
coordinates input area of the coordinates in put 
apparatus when north is considered the upward 
direction. 

15 In step S605, parameters for correction of the 

input coordinates are calculated by solving 
simultaneous equations based on the four coordinate, 

(^ne. Yne)/ ( ^sw . Ysw ) / ^nd ( x^^ , y^J stored in 
the first through the fourth coordinates keeping areas 

20 in RAM 504 input as above. 

The formulas below are the simultaneous equations 
based on the four coordinates. As for the basic 
correction formula for coordinates correction, if the 
corrected coordinates are (X, Y), then in a nonlinear 

25 conversion formula including the quadratic term(xy) 
(where a, b, c, d, e, f, g, and h are constants): 
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X = axy + bx + cy + d 

Y = exy + fx + gy + h 
When the input: coordinates of the four reference points 
above are applied to these formulas, the following 
5 simultaneous equations are formed: 
[Equation 5] 
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Solving these equations, the following are expressed as 
functions : 



[Equation 6] 
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(where (A(), B(), C(), D(), E(), F(), G( ) , and H( ) are 




func1:ions). In step S605, coordinates correction 
parameters a, c, d, e, f, and h are found by 

substituting the actual coordinates values for each of 
these functions. 
5 The actual process of solving the simultaneous 

equations is now explained. 
First, 

[Equation 7] 
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Then, 

[Equation 8] 
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Zh = x^Y„ - x„Y, 

and, 

[ Equation 9 ] 

r^x = (^1 - ^o)yn 



10 If here = x„ or y^^ = y^, m is either 0 or so close to 0 

that it can not be used as a divisor. 

In this situation, the nonlinear component may be 
almost invisible. Therefore, if = x„ or y^ = y^ 
[Equation 10] 
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Or, if ^ x„ or y„ ^ 
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m 

m 

m 

y ^ {jZhynw - yh)Xny^, + Xhynw)nx 

m 

m 

m 

m 

The values of b, c, e, f, and g are small and 
demand high precision when actually solved for. 
Therefore if real numbers are used in the calculations 
20 of the CPU 503 or performing simultaneous calculation 
for high speed by 32 bit integral calculation, it is 
realistic to keep a, b, c, e, f, and h to approximate 
values of 10^ and to divide by the same value during 
correction . 

25 Finally, in step S606, the calculated coordinates 

correction parameters are output to the ROM writer 507 
and the process is completed. The ROM writer 507 



[Equation 11] 

A() = 
B() = 
C{) = 
D() = 
£() = 

G() = 
//() = 
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writes the coordinates correction parameters on the 
unillustrated ROM attached to it. This unillustrated 
ROM is loaded on the coordinates input apparatus 401 
after writing-in, and used to keep the coordinates 
5 correction parameters for correcting the input 

coordinates in the coordinates input apparatus 401 . 

According to the above process, merely by 
indicating the first through the fourth reference 
points on the coordinate input area of the coordinates 

10 input apparatus and inputting those coordinates, 

coordinates correction parameters a to h can be simply 
calculated and written-in on a ROM loaded on the 
coordinates input apparatus. In the coordinates input 
apparatus loaded with this ROM, the values of a to h 

15 written on the ROM are applied to the nonlinear 

conversion correction formulas including the quadratic 
term ( x, y ) : 

X = axy + bx + cy + d 
Y = exy + fx + gy + h 

20 and highly precise correction of the input coordinates 
can be performed even if the electrical characteristic 
relating to coordinates detection of the coordinates 
input apparatus is not linear due to the quality of the 
construction materials of the coordinates input 

25 apparatus by performing correction of the input 

coordinates by calculating the correction formulas. 
Thus, because the characteristic need not be linear. 
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production costs of the coordinates input apparatus can 
be reduced . 

Further, in the coordinates correction parameter 
calculation apparatus of the present embodiment, the 
5 input coordinates discrimination and storing means 402 
and the parameter calculation means 407 can be realized 
when the CPU 503 executes the program inside the ROM 
505 and the first through the fourth coordinates 
keeping means 403 to 406 can be realized by the RAM 
10 504. Therefore, the construction of the hardware of 
the apparatus is simple and the apparatus can be 
produced at low cost. 

[Embodiment 3] 

15 Next, the basic functional construction of the 

coordinates input apparatus of Embodiment 3 of the 
present invention is explained by Fig. 8. The 
coordinates input apparatus of Embodiment 3 having 
processes corresponding to the coordinates input 

20 process of Embodiment 1 and the coordinates correction 
parameter calculation process of Embodiment 2 are 
explained . 

In Fig. 8, the apparatus of the present embodiment 
comprises a coordinates input means 801 including a 
25 coordinates input area, a switching means 802, a first 
through a fourth coordinates keeping means 803 to 805, 
a parameter calculation means 807, a parameter keeping 
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means 808, an inpui: coordinates correction means 809, 
and a coordinates output means 810, 

In the coordinates input means 801, a first 
through a fourth reference point with differing 
5 locations are established in order to calculate 

coordinates correction parameters for correcting the 
input coordinates and the four coordinates of these 
points are input when the user indicates each of the 
reference points. 

10 When the coordinates are input from the 

coordinates input area of the coordinates input means 
801, the switching means 802 switches such that 
correction of the input coordinates input into the 
input coordinates correction means 809 is carried out 

15 if coordinates correction parameters are kept in the 
parameter keeping means 808 and calculation of 
coordinates correction parameters by the parameter 
calculation means 807 is carried out by storing the 
input coordinates in the first through the fourth input 

20 coordinates keeping means 803 to 806 if coordinates 
correction parameters are not kept. 

The first through the fourth coordinates keeping 
means 803 to 806 are installed corresponding one to one 
to the first through the fourth reference points in 

25 order to keep the four input coordinates by indicating 
the first through the fourth reference points on the 
coordinates input area. 
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The parametzer calculation means 807 calcula1:es the 
coordinates correction parameters by solving 
simultaneous equations based on those four coordinates 
if the four coordinates are kept in the coordinates 
5 keeping means 803 to 805, and sends them to the 
parameter keeping means 808. 

The parameter keeping means 808 keeps the 
coordinates correction parameters calculated and sent 
from the parameter calculation means 807. 
10 The input coordinates correction means 809 

corrects the input coordinates via the switching means 
802 from the coordinates input area of the coordinates 
input means 801 using the coordinates correction 
parameters kept in the parameter keeping means 808 and 
15 sends them to the coordinates output means 810, 

Next, the actual hardware construction of the 
coordinates input apparatus is explained through Fig. 
9. 

In the construction of Fig. 9, the coordinates 
20 input part 901 is either the aforementioned resistance 
membrane type or another type. The coordinates data 
input from the coordinates input area of the 
coordinates input part 901 is sent to a CPU 903 via an 
I/O controller 902 and a bus 906. The I/O controller 
25 902 performs transfer of the input coordinates data and 
the coordinates correction parameters described below 
under the control of the CPU 903. 
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The I/O controller 902, RAM 904, a mask ROM 905, 
VRAM 907, and a flush ROM 911 are connected via the bus 
906 in the CPU 903. 

The CPU 903 fulfills the role of the switching 
5 means 802, the parameter calculation means 807, and the 
input coordinates correction means 809 of Fig. 8 as 
well as performing control of the entire coordinates 
input apparatus by executing a control program stored 
in the mask ROM 905. In other words, a program for the 

10 processes to be described later in which the CPU 903 
executes the switching means 802, the parameter 
calculation means 807, and the input coordinates 
correction means 809 is included in the control program 
stored in the mask ROM 905, The mask ROM 905 

15 corresponds to an embodiment of the memory medium that 
can be read by a computer storing a control program for 
performing the coordinates correction process of the 
present invention. 

RAM 904 fulfills the role of the first through the 

20 fourth coordinates keeping means 803 to 806 of Fig. 8. 

In other words, a first through a fourth coordinates 
keeping area comprising multiple addresses for keeping 
coordinates data corresponding one to one to the first 
through the fourth reference points is established 

25 within RAM 904. 

Further, display data (image data) including the 
corrected coordinates data after the CPU 903 has 
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corrected "the input coordinates is writ:ten-in on the 
VRAM 907 and this data is displayed and output to a 
liquid crystal display 909 via the display controller 
908. In other words, the coordinates output means 810 
5 of Fig. 8 comprises VRAM 907, the display controller 
908, and the liquid crystal display 909. The 
coordinates input area of the coordinates input part 
901 is transparent and the liquid crystal display 909 
is placed underneath it such that the display of the 

10 liquid crystal display 909 can be seen through the 
coordinates input area. 

Further, the flush ROM 911 fulfills the role of 
the parameter keeping means 808 of Fig. 8. A ROM 
writer 910 is connected inside the flush ROM 911, the 

15 CPU 903 transmits the calculated coordinates correction 
parameters to the ROM writer 910 via the bus 906 and 
the I/O controller, and the ROM writer 910 writes in 
the coordinates correction parameters to the flush ROM 
911. 

20 Next, the operations of the switching means 802, 

the parameter calculation means 807, and the input 
coordinates correction means 809 performed by the CPU 
903 are described by the flowchart of Fig. 10. The 
control program for the process procedure corresponding 

25 to the flowchart of Fig. 10 is stored in the mask ROM 
905 and executed by the CPU 903. 

In the third embodiment, in order to perform 



- 33 - 



calculation of the coordinates correction parameters, 
four coordinates are input when the operator of the 
apparatus indicates a first through a fourth reference 
point with differing locations established on the 
5 coordinates input area of the coordinates input 
apparatus 1 . 

In order to do so, as shown in Fig. 7, a first 
through a fourth reference point mark 703 to 706 
representing the first through the fourth reference 

10 point with differing locations are displayed in advance 
on the coordinates input area 702 of the coordinates 
input apparatus, and these are indicated (contacted) by 
a coordinates input indication tool in the form of a 
pen, for example. The coordinates of these marks 703 

15 to 706, or in other words the coordinates of the 

locations of the first through the fourth reference 
points become the coordinates for reference in the 
parameter calculations described below- Therefore they 
should be established with a suitable distance between 

20 them such that rounding-of f errors during calculation 
are not too large. In order to simplify the 
calculation here, the coordinates of the locations of 
the reference point marks 703 to 706 are given as four 
coordinates expressed in pairs of two X coordinates and 

25 two Y coordinates (X^, ) , (X,, Y^ ) , (X^, Y J , and (X,, 

Y^ ) . These marks 703 to 706 are displayed by the liquid 
crystal display 909 . 
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In the process in Fig. 10, first the first through 
the fourth coordinates input is performed from the 
coordinates input area of the coordinates input means 
801 by the user in step SlOOl. Next it moves to step 
5 S1002. Steps S1002, S1003, and S1004 serve as the 
switching means 802. 

In step S1002, it is determined whether or not 
calculation of the coordinates correction parameters is 
completed, in other words, whether or not coordinates 

10 correction parameters have already been written in to 

the parameter keeping means 808 (the flush ROM 911) and 
kept, and moves to step S1003 if they are not kept. In 
this case, the coordinates input in step SlOOl are 
considered to be the coordinates input corresponding to 

15 one of the first through the fourth reference points 
for coordinates correction parameter calculation and 
the process below step S1003 is performed. 

In step S1003, the coordinates (x, y) input in 
step SlOOl are determined to correspond to one of 

20 either the first through the fourth reference points 
indicated by the reference point marks 703 to 706 and 
the input coordinates (x, y) data is stored in one area 
corresponding to the reference point as a result of the 
above determination among the first through the fourth 

25 coordinates keeping areas in RAM 904. For example, if 
it is determined that the input coordinates correspond 
to the first reference point, the input coordinates 
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data are stored in the first coordinates keeping area 
corresponding to the first reference point. 

The above determination is decided by calculating 
the respective distances between the input coordinates 
5 (x, y) and the original coordinates (X^, Yq ) , (X^, ) , 

(Xq, ) , and (X^, Y^ ) of each of the four reference 
points and comparing those distances. The input 
coordinates are determined to correspond to the 
reference point the smallest distance away. 

10 At this time, the liquid crystal display 909 may 

be controlled such that the reference marks 703 to 706 
displayed disappear as the corresponding reference 
points are entered. By doing so, it is easier for the 
user to understand which of the reference points has 

15 been input among the four points. 

Next, in step S1004 it is determined whether or 
not all coordinates have been input corresponding to 
the four reference points 703 to 706 and the storage of 
the input coordinates to the first through the fourth 

20 coordinates keeping areas in RAM 904 has been 

completed. If it has not been completed it returns to 
step SlOOl and repeats the step SlOOl to S1004 process; 
if it has been completed it advances to S1005- 

Here the input coordinates corresponding to the 

25 four reference point marks 703 to 706 are respectively 

), and (x^^, y^^). The 
subscripts of each coordinate nw, ne, sw, and se mean 
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respectively nor-thwest;, northeast, southwest and 
southeast. In other words, they express the direction 
of the location of the reference points from the center 
of the coordinates input area of the coordinates input 
5 apparatus if north is the upward direction. 

In step S1005 a process is performed as the 
parameter calculation means 807. In other words, the 
parameters for correcting the input coordinates are 
calculated by solving the simultaneous equations based 
10 on the four coordinates (x^„, Ynw). (^^ne. Yne ) ^ (^sw. Ysw ) ^ 
and (x^g, Yse ) stored in the first through the fourth 
coordinates keeping areas in the RAM 904 input as 
above . 

Here the formulas below are the simultaneous 
15 equations based on the four coordinates. As for the 

basic correction formula for coordinates correction, if 
the corrected coordinates are (X, Y), then in a 
nonlinear conversion formula including the quadratic 
term (xy) (where a, b, c, d, e, f, g, and h are 
20 constants ) : 

X = axy + bx + cy + d 
Y = exy + fx + gy + h 
When the input coordinates of the four reference points 
above are applied, the following simultaneous equations 
2 5 are formed: 
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[Equation 12] 
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Solving "these equations the following is expressed as 
functions : 
[Equation 13] 

a = A ( Xq , , x^^ , , x^g , , x^^ , y^^ , x^^ , y^ 

t> = B ( Xq , X^ , x^„ , y^„ , x^g , y^g , x^^ , y 3„ , x^^ , y ^ 

c = C( Xq^ X^^, x^„, y^^^, x^g, y^g, x^^, y^^, x^^, y^ 

d = D(Xo,X,,x^^,y^„,x^,,y^,,X3„,y^„,x^^,y3 

e = E( Xq^ X^, x^^, yj^„, x^g, y^g, Xg„, y^^, Xgg, yg 

f = F(Xo,Xi,x^^,y^„,x^^,y„^,X3„,yg^,x,3,y3 

g - G(Xo,Xi,x^^,y^„,x^,,y^,,x^„,y3„,X3^,y3 

h = H(Xo,X,,x^„,y^„,x^^,y„3,X3„,y^^,X3^,y3 
(where (A(), B(), C(), D( ) , E(), F(), G(), and H( ) are 
functions). In step S1005, the coordinates correction 
parameters a, b, c, d, e, f, g, and h are sought by 
substituting the actual coordinate values for each of 
these functions. 

Now the actual process of solving the simultaneous 
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equations is explained. First 
[Equation 14] 

^ ~ y sw ^nw 

Z = X V — X V 

n ne-i ne nw-£ nw 

z = X V — X V 

s **^seJf^ se sw-J: sw 

Z = X V - X V 

Z = X V - X V 
w sw-i sw **nw-£ nw 

15 Then, 

[Equation 15] 

Yv = ZsYn - ZnYs 

20 Xj, = z^x^ - z„x^ 

Yh = ZeY„ - Z„Ye 

Zh = X3Y„ - x„Y3 

~ y^n 

25 and. 
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[Equation 16] 

= (X, - Xo)y„3 
= (Y, - Yo)y^, 
m = YvZh - Yh^v 

5 If xe = xw or yn = ys, then m will be 0 or so close to 

0 that m can not be used as a divisor. 

In this situation the nonlinear component may be 
almost invisible. Therefore if xe = xw or yn = ys : 
[Equation 17] 

BO = 
C() = 0 

Z)() — Xo — ^Tniy 
F()-0 

ye 

20 If xe ^ xw and yn ^ ys, then the parameters can be 
found by: 
[Equation 18] 

^0 = ^ 



25 R(\ — _yN"^ 

m 



BO 



m 




- 40 - 



m 



^0 = 



m 



G() = -^2i!bL 



m 

10 When actually solving 1:he equations, because the 

values of a, b, c, e, f, and g are small and high 
precision is demanded, if using real numbers in the 
calculations of the CPU 503 or performing simultaneous 
calculation for high speed by 32 bit integral 

15 calculation, it is realistic to keep a, b, c, e, f, and 
h are kept as approximate values of 10^ and to divide by 
the same value during correction. 

Next, in step S1006, the calculated coordinates 
correction parameters are output to the ROM writer 910, 

20 written in the flush ROM 911 and kept. When step S1006 
is completed it returns to step SlOOl . 

When the calculation of the coordinates correction 
parameters in step S1002 is completed, in other words 
when it is determined that the coordinates correction 

25 parameters are already written in and kept in the flush 
ROM 910 as the parameter keeping means 1008, it moves 
to step S1007. In this case, it performs the processes 
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from step S1007 and following, deciding that the 
coordinates input of step SlOOl is not input for 
coordinates correction parameter calculation but for 
performing normal functions. 
5 Steps S1007 and S1008 perform their processes as 

the input coordinates correction means. In other 
words, first the coordinates correction parameters a, 
b, c, d, e, f, g, and h are read from the flush ROM 911 
in step S1007. 

10 Next, correction of the input coordinates is 

performed in step S1008 using the parameters read as 
above. Here the corrected coordinates (X, Y) are found 
by substituting the values of the read parameters a to 
h for the input coordinates (x, y) in the basic 
15 correction formula given above: 

X = axy + bx + cy + d 
Y = exy + fx + gy + h 

Next, in step S1009 the corrected coordinates data 
(X, Y) is written in VRAM 907 as display data and 
20 displayed and output to the liquid crystal display 909 
via the display controller 908, Thus the process is 
completed . 

By performing the above flowchart operations, the 
coordinates correction parameters are calculated and 
25 kept, the input coordinates are corrected using these 
parameters, and the function of the coordinates input 
apparatus can be fulfilled. 
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Here, the operations the operator of the apparatus 
performs in order to calculate the coordinates 
correction parameters are extremely simple, being 
merely to indicate (contact) each of the four reference 
5 point marks 703 to 706 displayed on the coordinates 
input area 702 of the apparatus with a coordinates 
input indication tool in the form of a pen, for 
example. The coordinates correction parameters a, b, 
c, d, e, f, g, and h can be calculated as constants of 

10 the nonlinear conversion formulas including the 
quadratic term (xy): 

X = axy + bx + cy + d 
Y = exy + fx + gy + h 
based on the simple coordinates input. 

15 Thus, because correction of the input coordinates 

is performed by these nonlinear conversion formulas, 
even if the electrical characteristic relating to the 
coordinates detection is not linear due to the quality 
of the parts of the coordinates input means 801 for 

20 example, accurate correction can be performed in 

response and the coordinates input can be performed 
with high precision. Further, because the electrical 
characteristic of the coordinates detection of the 
coordinates input means 801 does not have to be linear, 

25 the production costs of the apparatus can be reduced. 
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[ Embodiment 4 ] 

The coordinates input apparatus of the above first 
through the third embodiments can use a portable 
information processing apparatus such as a Personal 
5 Digital Assistant (PDA) or a notebook personal 
computer . 

Fig. 11 shows one embodiment of a portable 
information processing apparatus. 

The portable information processing apparatus of 

10 Fig. 11 comprises a display part 1102 such as a liquid 
crystal display doubling as the coordinates input part, 
interfaces with an external apparatus (wireless 
communication interfaces such as an IrDA or wire 
communication interfaces such as an RS-422) 1103 and 

15 1104, a coordinates input indication pen 1105, a 

storage part 1105 for storing the coordinates input 
indication pen in the main body, buttons 1107 to 1109 
used as directional keys or decision buttons, and a 
memory medium slot 1110 for a memory medium such as a 

20 flush memory or a floppy disk. 

Reference point marks such as those shown in Fig. 
7 are displayed on the display part 1102 of the 
portable information processing apparatus 1101 and the 
processes indicated in Embodiments 1 to 3 can be 

25 performed by indicating these reference point marks 
with the coordinates input indication pen 1106. 

A program corresponding to each of the flowcharts 




shown in Embodiments 1 to 3 can also be stored in 
advance in the memory medium housed in the portable 
information processing apparatus 1101 or the program 
can be executable by attaching a memory medium holding 
5 the program to the memory medium slot 1110. Further^ 

the program can be executable supplied from an external 
apparatus through the interface 1103 (or 1104). In 
this case, the external apparatus (sending apparatus) 
which sends the program comprises the present invention 

10 because the supplied program itself is the embodiment. 

The portable information processing apparatus 1101 
can be connected to an external apparatus using the 
interfaces 1103 or 1104 with an external apparatus. 
Fig. 12 shows one embodiment of connection with an 

15 external apparatus. 

In Fig. 12, the portable information processing 
apparatus 1101 can be connected to information 
processing apparatuses 1202 and 1203 such as personal 
computers through a wireless or wire network 1204. 

20 Further, the information processing apparatus 1202 

(or 1203) can be used as the coordinates correction 
parameter calculation apparatus. In this case, the 
information processing apparatus 1202 is made such that 
it can receive the coordinates input from the portable 

25 information processing apparatus 1101 through the 

network or such, calculate the coordinates correction 
parameters, and store them on a flush ROM or the like 
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(not; shown in the Figure) within the portable 
information processing apparatus 1101 again through the 
network or the like. The information processing 
apparatus 1202 could also be made to store the 
5 calculated coordinates correction parameters in a 

memory medium such as a flush memory and supply the 
coordinates correction parameters to the portable 
information processing apparatus 1101 by attaching the 
memory medium to the memory medium slot 1110. 

10 As is clear from the above description, according 

to the Embodiments 1 to 4, in a coordinates correction 
apparatus, a coordinates correction method, and a 
memory medium that can be read by a computer storing a 
control program for the coordinates correction process, 

15 quadratic nonlinear conversion constants are kept as 
parameters for correcting input coordinates, and the 
input coordinates are corrected by the quadratic 
nonlinear conversion using these parameters, so that 
even if the coordinates detection characteristic is not 

20 linear due to such factors as the quality of the parts 
of the coordinates input part of the coordinates input 
apparatus, correction of the input coordinates can be 
accurately performed in response and highly precise 
coordinates input can be performed. 

25 Further, according to the Embodiments 1 to 4, 

calculation of coordinates correction parameters for 
performing highly precise correction of input 
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coordinates can be performed with a simple, low-cost 
construction even if the electrical characteristic of 
the coordinates detection of the coordinates input 
apparatus is not linear, and as a result the production 
5 costs of the coordinates input apparatus for performing 
correction of input coordinates using the calculated 
coordinates correction parameters can be reduced. 

Further, according to Embodiments 1 to 4, 
coordinates correction parameters can be calculated as 
10 nonlinear conversion correction formula constants based 
on simple coordinates input merely by indicating four 
reference points established on a coordinates input 
area . 

Further, by performing correction of input 
15 coordinates with nonlinear conversion correction 

formulas using the calculated coordinates correction 
parameters, even iif the electrical characteristic of 
the coordinates detection of the coordinates input part 
is not linear, suitable correction of the user' s input 
20 and highly precise coordinates input can be performed. 
The production costs of the device can be further 
reduced . 



